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Abstract: The title compound, the first perhaloazulene, has been synthesized from hexachlorobutadiene
and cyclopentadiene. Further chlorination of 1,3,4,5,6,7-hexachloroazulene results in addition, not
substitution, under electrophilic as well as free radical conditions. Radical chlorination of the hexachloro-
azulene affords in good yield a single decachlorotetrahydroazulene. Treatment of this Cl;o compound with
one equiv of a phosphazene base gives a nonachlorodihydroazulene, but the addition of a second equiv
results in dechlorination to 1,2,3,4,5,6,7-heptachloroazulene as well as dehydrochlorination to octachloro-
azulene. The former azulene is obtained cleanly from the Cls compound with acid catalysis or by reduction
with mercury. In the presence of calcium carbonate, however, the Cly intermediate yields the dark green
octachloroazulene. Although octachloronaphthalene is readily converted into its octafluoro counterpart, the
isomeric octachloroazulene is far too sensitive to undergo the analogous transformation.

Introduction presage large differences between perhaloazulenes and their
benzenoid counterparts. This consideration made the synthesis

compound: Though isomeric with the colorless naphthale®e ( of octachloroazglené%l, the first pgrhaloazulene, ayvorthwhile
its color is a beautiful deep blue. It is a significantly polar undertaking. In light of the dramatic contrasts one finds between

hydrocarbon 4 = 1.0 D), again in contrast to the nonpolar hydrocarbons and fluorocarbons, octafluoroazulefjeiq an

naphthalene. These and other characteristics follow from the €SPecially attractive synthetic target, and we regagladthe
nonalternant nature of azulene, which is apparent in its frontier CUtSet as a promising precursor for this compound.
orbitals. Although the frontier orbitals of an alternant hydro-

The aromatic hydrocarbon azulen&) (is a remarkable

carbon such as naphthalene are mirror-related (except for the ca. ¢ a R F F
signsof the atomic orbital coefficient®)azulene’s have a very al OO al E Oo F
different spatial distribution (Figure 1).
cl cl F F
cl F

3 4

Naphthalene is fully chlorinated in a single step by chlorine
and antimony pentachlorideand treatment with potassium
fluoride in sulfolane transforms octachloronaphthalene into its
octafluoro counterpartWe began with the readily synthesized
5,6-dichloroazuleneput quickly found that the aromatic system
is destroyed under electrophilic chlorination conditions long
before substitution of chlorine for hydrogen is finished. It
became clear that several chlorines should already be in place
in the seven-membered ring when the azulene skeleton is
assembled if complete chlorination is to be achieved.

HOMO HOMO (1) Zeller, K.-P. Azulene. liHouben-Weyl, Methoden der Organischen Chemie
. . . 4th ed.; Vol. 5, Part 2C, p 127. Lemal, D. M.; Goldman, G.JDChem.
Figure 1. Frontier orbitals of azulene and naphthalene. Educ.1988 65, 923 and references therein.

(2) Yates, K.Huckel Molecular Orbital TheoryAcademic Press: New York,

o . 1978; pp 78-84.
The striking contrasts that exist between azulene and ben- (3) siroh, R. InHouben-Weyl Methoden der Organischen Cherdta ed.;

zenoid aromatic hydrocarbons in properties and chemistr Vol. 5/3, p 670.
y Prop y (4) Fuller, G.J. Chem. Socl1965 6264. See also: Maynard, J. J. Org.

) Chem.1962 28, 112.
*To whom correspondence should be addressed. E-mail: (5) Reiter, S. E.; Dunn, L. C.; Houk, K. N.. Am. Chem. Sod977, 99, 4199.
david.m.lemal@dartmouth.edu. Copland, D.; Leaver, D.; Menzies, W. Betrahedron Lett1977, 639.
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3o NMe, cycloaddition azulene. This was clear evidence that the aromatic system was

7 8 C Ve, gone. NMR and GC/MS revealed a complex mixture of
products, and it was found that sulfuryl chloride alone in the

° dark produced a similar result. When a solution5oin that
N solvent was irradiated with visible light the color again faded,
- . C| but now spectra revealed a single dominant produghl£Clio,
N that was isolated by chromatography as white crystalsifi%
yield.
5

Mild chlorination of5 with cupric chloride yielded 1,3,4,5,6,7-
. . hexachloroazulend (),12 which was transformed into the same
Results and Discussion

Accordingly, we synthesized 4,5,6,7-tetrachloroazules)e ( ca,. o c. Floa
as shown in Scheme 1. TetrachlorothiopheB)enfas prepared CI CLOZ, CI SO0:Clp
from hexachlorobutadiene according to Raaseatno oxidized visible light
it to the sulfoner in 50% yield using usingn-chloroperbenzoic cl c cl
acid. We have found that the oxidation is essentially quantitative s 10
when the more powerful peroxytrifluoroacetic acid is employed. SAME PRODUCT
The yield of 6-dimethylaminofulvene) from cyclopentadiene
and dimethylformamide dimethyl acetal has also been improved Unknown product when irradiated in sulfuryl chloride. By
from 32’ to 77% simply by adding excess diene during the suggesting the location of six chlorines in the new molecule,
reaction until the acetal is completely consumed. Unfortunately, this finding facilitated its structure determination. Analysis of
the key [6+ 4] cycloaddition leading vie to 4,5,6,7-tetra- the13C NMR and DEPT spectra led to the structdrkfor the
chloroazulene§) is reported to give only a 10% yield of the chlorination product, and in confirming that assignment the
azulene, the principal reaction product being the 2:1 Diels X-ray crystal structure further revealed that its configuration is
Alder adduct of7 to the ring bonds of the fulverfe® cis (ORTEP, Figure 2).

The order of addition is critical, as the yield drops to56
if 7 is added taB instead of vice versa. Amine released in the
condensation slowly attacks the azulene; we found that the yield cl H
could be increased to 16% by limiting the reaction tite. cl

If the behavior of azulen& paralleled that of naphthalene, oin ¢
electrophilic chlorination could lead directly to the octachloro 1
derivative 3.311 However, treatment ob with chlorine and
aluminum chloride in sulfuryl chloride as solvent resulted ina  When the chlorination o6 is performed under electrophilic
rapid fading of the intense blue color of chloroazulenes to a conditions, i.e., in the dark or with aluminum chloride catalyst,
pale yellow, reminiscent of what happened with 5,6-dichloro- the first two chlorines are introduced at the 1 and 3 positions,
yielding 10, both because the HOMO coefficients are very large

c, foag

Cl

(6) Raasch, M. SJ. Org. Chem198Q 45, 856. there and because the substituted tropylium cations formed as
(7) Meerwein, H.; Florian, W.; Scm N.; Stopp, GLiebigs Ann. Cheni961, . . . . .

641, 1. intermediates are especially stable. WHéns attacked again
(8) Kanematsu, K.; Kazunobu, H.; Dantsuji, Heterocycles981, 16, 1145. at the 1 and/or 3 position for the same reasons, instead of at an

9) For other [6+-4] cycloadditions of fulvenes, see Dunn, L. C.; Chang, Y.- . .. .
© M.; Houk, k. N].J?’Am. Chem. S0d976 98, 7095. Mukherjee, D.;Dugnn, unsubstituted position, no proton is there to be lost. Thus,

L. C.; Houk, K. N.J. Am. Chem. S0d.978 101, 251. Dunn, L. C.; Houk, it 1 i i
K. N Tetahedron Lett1978 3411, and ref 5. addition of chloride follows _and the_ _aromat|c s_ystem is
(10) To disfavor Diels-Alder addition relative to the desired{@}] pathway destroyed. Because the reaction conditions that give the best
with the help of steric hindrance, we substituted the 1,3-dichloro- and 1,2,3- /i i
trichloro-6-(dimethylamino)fulvenes (Hafner, K.; Schmidt, Tretrahedron yIEId of dec_aChloro compoundll_ Cle_arly generate chlorine
Lett. 1973 5101) for8 in the reaction with7. Azulene yields remained ~ atoms, part if not all of the chlorination sequence presumably
poor, however, probably because of the instability of these fulvenes. i i i i i
(11) Perchlorination of benzenoid hydrocarbons commonly procbeysnd occurs via a radical chain process. Given the hlgh electron
complete substitution, as additional chlorines relieve steric repulsions by
rehybridizing sp carbons. Ballester, M. Perchloro-organic Chemistry:  (12) Bolton, R.; Hamilton, D. G.; Sandall, J. P. 8.Chem. Soc., Perkin Trans.
Structure, Spectroscopy and Reaction PathwayAdinPhys. Org. Chem. 2 1991, 431. These authors carried out the chlorination 7ofwith
Bethell, D., Ed.; Academic Press: London, 1989; Vol. 25, p 267. N-chlorosuccinimide.
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Scheme 2 Scheme 3
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affinity of the chlorine atond? however, repeated attack at the
1- and/or 3-position, as in electrophilic chlorination, is easily Cl cig
understood.

There are no fewer than 61 structures (not counting stereo- @Q c O@ cl
isomers) that can arise by the addition of four chlorines to oM
hexachloro compountiO. Frontier orbital considerations do not

aromatlc aromatic

explain why trienell is so heavily favored in the course of
events following formation o010, but product stability consid-
erations may. The energetics of the model isomerization
reactions shown in Scheme 2 indicate that in both the seven-
and five-membered rings chlorine geminal to hydrogen is
favored strongly vis-ais chlorine geminal to chlorine. If one

therefore assumes that the lowest energy decachloro |somer§vI

will have chlorines at the previously unsubstituted 2 and 8
positions, the choice is now limited to eight structures and a
total of 20 stereoisomers. At the semiempirical AM1 level of
theory** these isomers (in their lowest energy conformations)
range in relative energy from 0.0 to 18.4 kcal/mol, and the
lowest of all are the cis (0.0 kcal/mol) and trans (1.3 kcal/mol)
isomers ofl1 (see Supporting Information). Because the next-
lowest energy isomer lies at 6.6 kcal/mol, it seems reasonable.
to conclude that the predominanceais-11 in the chlorination
product is indeed largely a consequence of its thermodynamic
stability. Steric hindrance probably also plays a role by favoring
introduction of chlorine at the unsubstituted positions.

Twofold dehydrochlorination of1to give octachloroazulene
(3) would appear to be straightforward. In fact, the several weak
bases that were tried failed to react with and all but one of

c, S cig sz
Cl gl + t-Bu—N:l:D—N —_—
N
o’y cc < 7
11 12
c. S c c. O a
CICI + CICI
Cl o © [¢] Looc
3 13

the strong ones, even if bulky, were found to destroy it without
yielding any of the desire8. Success was finally achieved with

(13) The EA of the chlorine atom is 3.62 eV, higher even than that of the fluorine
atom (3.40 eV). Trainham, R.; Fletcher, G. D.; Larson, DJ.JPhys. B:
At. Mol. Phys.1987 20, L777. Blondel, C.; Cacciani, P.; Delsart, C.;
Trainham, RPhys. Re. A 1989 40, 3698.

(14) Dewar, M. J. S.; Zoebisch, E. G.; Healy, E. F.; Stewart, J. J. Am.
Chem. Soc1985 107, 3902.
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the fifteenth candidate, the potent, highly hindered Schwesinger
basel2!5 (in THF at—40 °C with warming to room tempera-
ture). However, octachloroazulene was accompanied in the
product by 1,2,3,4,5,6,7-heptachloroazulef8),(in the ratio

2:1, respectively, showing that loss of 2CI competed effectively
th loss of a second molecule of HCI.

Treatment of decachloro compoufd with a single equiva-
lent of the phosphazene base followed by “spontaneous”
aromatization gave a striking result: the ratio of octa- to
heptachloroazulene was now 4:1. Thusgre dehydrochlori-
nation had occurred in the presencdesfsbase. One equiv of
the base transformEl into the nonachloro compourid! or its
double bond isomet5. Efforts to obtain this labile compound

in pure form were unavailing. Because th¢ NMR signal of

the remaining proton (at C8) was shifted only slightly (0.07
ppm) from its position inl1, we favor structurd4 over 15, in
which the proton’s environment is significantly altered. Structure
14 is assumed in the discussion to follow.

c. Focig
b o705
cl cl
ciH © cl H
14 15

Scheme 3 provides a plausible resolution of the paradox that
“spontaneous” aromatization df4 results in more dehydro-
chlorination than occurs with a second equiv of base. Loss of
the C8 proton ofl4 develops antiaromatic character in the seven-
membered ring, whereas chloride loss from that position
develops aromatic character in the transition state; and loss of
chloride from the five-membered ring creates antiaromatic
character, whereas loss of positive chlorine there creates
aromatic character in the transition state. Regarding loss of
chloride from C8, it is interesting that the €&l bond in the
crystal of11, which is nicely aligned with the adjacembrbitals,
is 0.06 A longer than the G2CI bond (the other bond to a Cl
geminal to hydrogen).

(15) Schwesinger, R.; Willaredt, J.; Schlemper, H.; Keller, M.; Schmitt, D.; Fritz,
H. Chem. Ber1994 127, 2435.
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Scheme 4 0.8
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These considerations suggest that base attack at chlorine in o . ——— o
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14, leading to heptachloroazulend3j, could compete ef-
Wavelength (nm)

fectively with deprotonation (Scheme 4). Under the conditions
of “spontaneous” aromatization df4, hydrogen chloride is  Figure 3. Visible/near infrared spectra of azulenes (k11073 M in
present from the pathway leading to octachloroazul@nhe/Ne cyclohexane). Curve |, azulene; Il, 4,5,6,7-tetrachloroazulene; Ill, 1,3,4,5,6,7-
propose that HCI assists chloride loss from C8 by hydrogen ggﬁﬁecnh;oroazulene; IV, 1,2,3,4,5,6,7-heptachloroazulene; V, octachloro-
bonding, again leading td3, though less efficiently than it is '
formed under the basic conditions (Schemé®4) accord with
this surmise, treatment of nonachloro compoubd with The electronic transition to,Sn azulene lies in the UV,
concentrated hydrochloric acid yieldd® contaminated with leaving a large gap between the &d S states and, thus, a
<1% of 3, albeit slowly and in very low yield. Treatment of “blue window” in the electronic spectrum. That gap explains
14 with Lewis acid boron trifluoride etherate gai8 in 35% azulene’s anomalous fluorescence from the skatel® In
yield, again slowly but unaccompanied By octachloroazulene, theyS> S, transition extends well into the
visible region, eliminating the “blue window” and thereby
Cl effectively adding a yellow component to the transmitted light
cl Q o (Figure 3). Though the maximum of the featurelegsS5S;
_ band in3 lies close to the parent molecule’s, absorption extends
BF3 ‘Et,0 .
o O o — oy oo far beyond that of azulene itself, nearly to 900 nm. Together
or Hg 1 with the absence of the “blue window”, this accounts for the
o] O‘ o] very dark green color of octachloroazulene. The UV spectra of
the two azulenes reveal that, like the transition to I8gher

c. c

cl cl . : .
cH © cl energy transitions are also shifted bathochromically by perchlo-
cl Cl L
14 T~ rination.
CaCO; o] OO Cl The mass spectrum of octachloroazulene, like that of its
ol o) naphthalene counterpart, is striking, as it reveals the peeling
Cl off of chlorines all the way down to 5". For comparison with

3 azulene’s dipole moment of 1.0 D, that ®fcalculated at the
B3LYP/6-31G* level of theory is 0.83 B°
Also consistent with Scheme 4 was the observation that

including a small amount of tetrabutylammonium chloride in (17) 'Ealrl)éi egforts }0 dehﬁ/drchlgrinaztgod(écachloro colmpoﬁmdo obtain3
. : : . included pyrolysis. Heating1 at °C gave a pale yellow mixture, so
the reaction ofl4 with boron trifluoride etherate accelerated no azulenes were present. The major products wikdptachloronaph-

the aromatization considerably. Now the product was a 94:6 thalene and, in smaller amount, octachloronaphthalene (see the Experimental
Section). Because pyrolysis of hexachloroazuldfieunder the same

mixture of 13 and 3, reflecting the ability of chloride ion to conditions destroyed it without giving any identifiable compound, it is
function as a base as well as to assist loss Qf“mercury unlikely that azulenes were intermediates in the pyrolysi&lof
. (18) Turro, N. J.Modern Molecular PhotochemistnBenjamin/Cummings:
reducedl4 smoothly to13, free of 3, at room temperature in Menlo Park, CA, 1978; pp 1478.
48% yie|d_ (19) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M.
. . . . A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.; Stratman,
In light of the evidence that acid catalysis transforms the R. E.; Burant, J. C.; Dapprich, S.: Millam, J. M.: Daniels, A. D.; Kudin,
i i i i K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi,
nonachloro ImermeqlamInto.heptaChloranUIerle’ a solution R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski, J.;
of 14 was stirred with the acid scavenger calcium carbonate. Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K;
The rewarding result was a 95:5 mixture 2fand 13’ which Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz,

X A J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, |.;
gave upon recrystallization dark green octachloroazulene, mp Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng,
131—133°C17 C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.;

' Johnson, B.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon, M.;
Replogle, E. S.; and Pople, J. aussian 98revision A.5; Gaussian,
(16) “Spontaneous” aromatization was much slower in hexane than in THF. Inc.; Pittsburgh, PA, 1998.
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Scheme 5 Experimental Section
cl Cl c F

Cl
' c All NMR spectra were obtained on a Varian Unity Plus 300 MHz
ol OO CsF . OO . O instrument. GC/MS was performed on a Hewlett-Packard 5890A gas
CHsCN chromatograph equipped with a 5971 series mass selective detector.
Cl
16

cl 5 40 °C Cl 17 IR spectra were run on a Perkin-Elmer 599 FTIR spectrometer.
) ) Electronic spectra were measured on Perkin-Elmer Lambda 9 UV/vis/
(DT‘E_‘::;O d)_'j;'g(:r(s) NIR spectrophotometer. Octachloroazulene and heptachloroazulene

s - were separated on an Agilent 1100 series HPLC with a variable

(d, Jup=8.0Hz) wavelength detector using an XDB-C8, 4x6160 mm column (flow
rate 0.5 mL/min, eluting solvent 90:10 methanol/water, detector
wavelength 580 nm).
Tetrachlorothiophene (6)8 A 2 L three-necked flask was equipped

Cl F with a mechanical stirrer, thermometer, and a simple distillation setup.
F Hexachloro-1,3-butadiene (680 g, 2.6 mol) was added and heated to
160°C. Then sulfur (250 g, 7.8 g at) was added, and the mixture was
cl s heated at 228C for 8 h with stirring. The mixture was kept at 231G

for 3 d with stirring. Finally, SCl, was distilled out at atmosphere

@ =-83.2(d, Jrr=13 Hz, Fy) pressure, followed by 380 g of product which was distilled at@5

-72.7 (dd, Jur=7 Hz, Fg) (~4 Torr) and collected as a pale yellow solid. Recrystallization
from hexane gave white crystals 6f mp 29°C (lit.5 29 °C). Yield:
For the transformation & into octafluoroazulenesj, model 320 g, 56%.
reactions were first run with tetrachloroazuleheTreatment Tetrachlorothiophene Dioxide (7).In a 500 mL three-necked flask

of 5 with cesium fluoride in acetonitrile at 50C resulted in ~ With & pressure-equalizing drOPPi?g funnel, 50 mL (518 mmol) 30%
substitution of the C6 chlorine and somewhat more slowly the H202 Was added and cooled 610 °C in a NaCl/ice bath. Trifluoro-

C4 chlorine with fluorine, givingl6 andL7, respectively. The acetic anhydride (117 mL, 530 mmol) was added dropwise during 1.5
LUMO coefficients in5 are’ largest at The 4’_ 6- and 8—pc;sitions h, and the reaction mixture was stirred for an additional 0.5 h.

. o Concentrated bSO, (94 mL) was added dropwise over 0.5 h, and
as are the) atomic charges. Eventually both positions bore stirring was continued for another 0.5 h. Volatiles (mainly peroxytri-

fluorine atoms 18), but attempts to push the reaction farther fyoroacetic acid and trifluoroacetic acid;90 mL) were vacuum
led to wholesale destruction. Doublet splitting of #€ NMR transferred into a liquid nitrogen-cooled trap. In another 500 mL round-
resonance by the C8 proton distinguistegifrom 17, and18 bottom flask, tetrachlorothiophene (13 g, 60 mmol) was dissolved in
displayed an additional larger splitting arising from thefF 80 mL of methylene chloride. The peroxytrifluoroacetic acid solution
coupling (Scheme 5). When fluorination &fwas attempted was added dropwise ovd h atroom temperature, and the mixture

with dried tetrabutylammonium fluoride, decomposition oc- Was stirred overnight. Volatiles were removed using an aspirator, and
curred immediately even at room temperature the residue was dried further on the vacuum line to obtain 14.57 of

as a white solid: mp 8890 °C (lit.5 90—91 °C). Yield: 97%.

octachloroazulenedj. In sharp contrast to octachloronaphtha- 6-Dimethylaminofulvene (8). To a 250 mL round-bottom flask
’ P P containing dimethylformamide dimethylacetal (30 g, 250 mmol) was

lene, which undergoes the halex reaction successfully at 2?’Satta(:hed a reflux condenser fitted with, Nhlet. Freshly cracked

°C,*3is a remarkably sensitive compoun_d. Itis now Cle‘_ir that ¢y ciopentadiene (20 g, 300 mmol) was added. The mixture was refluxed
octafluoroazulene must be approached in an entirely different ynder N on the steam bath for 2 h. Then another portion of

manner: for example, by assembling the azulene skeleton withcyclopentadiene (20 g, 300 mmol) was added and refluxing was

Similar results were found with hexachloroazulet®and

fluorines already in place. continued for 3 h. Volatiles were removed on a rotary evaporator. The
] fulvene was recrystallized from hexane to afford 24 g of yellow
Conclusion crystals: mp 67C (lit.7 67 °C). Yield: 77%.
Octachloroazulene3), the first fully halogenated azulene, 4,5,6,7-Tetrachloroazulene (5)To a 250 mL round-bottom flask

has been synthesized from hexachlorobutadiene and cyclopentagomaining a solution of tetrachlorothiophene dioxide (12.7 g, 50 mmol)

diene. Eurther chlorination of the intermediate 1.3.4.567- N methylene chloride (40 mL) was added a solution of 6-dimethyl-

h hl | 1 | . bstituti but i aminofulvene (5.5 g, 50 mmol) in methylene chloride (20 mL) over 5
exachloroazulene1() results, not in substitution, but in min at 0°C. The mixture was allowed to warm to room temperature

addition under both electrophilic and free radical conditions. 5 stirring was continued for an additional 2 h. After volatiles were
Radical chlorination of the hexachloroazulene gives in good removed by rotary evaporation, the residue was triturated with 10 mL
yield a single decachlorotetrahydroazulerie)( Equimolar hexane. The resulting mixture was chromatographed on two successive
phosphazene base dehydrochlorinates this €@impound to a columns of silica gel (50 g, Acros, 0.035.07 mm), with hexane as
nonachlorodihydroazulené4), and a second equiv of the base eluent. After concentration of the blue eluate, the residue was further
both dechlorinates and dehydrochlorinatdsyielding a mixture purified by sublimation at 79C/30 mTorr to afford 1.3 g 05 as blue

of 1,2,3,4,5,6,7-heptachloroazulerig)and octachloroazulene. ~ solid: mp 137-139°C (lit. 137-139°C;12147-149°CY). Yield: 10%.
Acids and mercury dechlorinate thes@itermediatel4 to give A reaction run as above but Wit2 g of thethiophene dioxide was.
the heptachloroazulene, but in the presence of calcium carbonat%Z;kig;)p after only 0.5 h at room temperature, and the azulene yield
14 aromatlze§ to c.)ctgchlor.oaz.ulene. The.surprlsmg .anor.nahes 1,3,4,5,6,7-Hexachloroazulene (104,5,6,7-Tetrachloroazulene (0.20
encountered in this investigation are a.t'tnbutable primarily to g, 0.75 mmol) and anhydrous cupric chloride (0.6 g, 4.5 mmol) were
azulene’s nonalternant nature and to theckil 4N + 2 Rule. placed in a 50 mL round-bottom flask. Dry acetonitrile (15 mL) was
F|U0r0deCh|0I’InatI0n I’eaCtiOI’]S ShOW that the SenSitive OCtaCh|0r0- added7 and the mixture was refluxed Overnight_ After concentration of
azulene cannot be transformed into octafluoroazulene by thisthe reaction mixture, the residue was extracted with methylene chloride
method. (60 mL). The mixture was filtered, and the solution was washed with

15306 J. AM. CHEM. SOC. = VOL. 124, NO. 51, 2002
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hot water (50 mL), then dried over anhydrous MgS&¥ter concentra-
tion of the blue solution, the residue was further purified by sublimation
at 70°C/30 mTorr to afford 0.20 g cfOas a blue solid: mp 138139
°C (lit.*? 138-139 °C). Yield: 80%. IR (KBr, cnl): 1588, 1493,
1412, 1306, 1227, 1125, 1096, 1017, 912, 855, 821, and 696:isV
(cyclohexane, nm)Amax 272 (27 000), 309 (40 900), 381 (5540), 399
(4530), and 678 (471).
1,1,2,3,3,4,5,6,7,8-Decachloro-1,2,3,4-tetrahydroazulene (1h).
a 50 mL round-bottom flaskg (0.70 g, 2.6 mmol) was dissolved with
freshly distilled sulfuryl chloride (25 mL). The blue color of the solution
quickly turned to yellow. The solution was irradiated with a tungsten
lamp (150 W) overnight. Volatiles were removed by a rotary evaporator,
and the resulting pale yellow, viscous liquid was chromatographed on
a column of silica gel (50 g, Acros, 0.039.07 mm) with hexane as
eluent. Removal of the solvent left a colorless liquid which was
crystallized from hexane to give 0.88 g bt as colorless solid: mp
109-111°C Yield: 70%.*H NMR (CDCL): o 5.08 (s, 1H), 5.74 (s,
1H). *3C NMR (CDCk): ¢ 52.1, 79.0, 85.6, 85.8, 129.5, 131.3, 131.9,
136.9, 138.1, 139.1. UV (cyclohexane, nmjxax 227 (12 800), 251
(15 400), 259 (15 100), 283 (9140). IR (KBr, chx 2960, 1563, 1511,

argon, Schwesinger ba&2 (285uL, 0.923 mmol) and 3 mL anhydrous

THF were placed in the funnel. The mixture was cooled-#0 °C

with dry ice/acetonitrile slush. The base solution was then slowly added

during 0.5 h, and the mixture was kept-a#0 °C with stirring for

another 0.5 h. After addition of anhydrous Ca{d@.6 g, 36 mmol),

the reaction mixture was warmed to room temperature and stirring was

continued overnight. Solvent was removed and the resulting dark green

residue was chromatographed on a column of silica gel (50 g, Acros,

0.035-0.07 mm), with hexane as eluent. After rotary evaporation a green

solid was obtained. HPLC showed the purity of the octachloroazulene

to be 95%. The material was further purified to 98% by recrystallization

from hexane and acetone. Mp: 13133°C. Yield: 0.16 g, 42%%C

NMR (CDCl): 6 124.0, 129.1, 131.0, 137.4, 138.5, and 140.1. IR

(cm™): 1636, 1487, 1383, 1278, 1230, and 1145. M&): 400 (M),

330 (GCle™), 260 (GoCls™), 225 (GoClst), 190 (GoCl2), 120 (Go'),

108 (G"), and 84 (G"). HRMS (m/e): 399.750 599 (found), 399.750 822

(theor.). UV~vis (cyclohexane, nm)4max 244 (13 900), 301 (20 300),

330 (25 200), 360 (sh, 10 400), 586 (br, 594). Anal. Calcd faCG:

C, 29.75; H, 0.0; CI, 70.25. Found: C, 30.25; H, 0.0; ClI, 69.85.
1,2,3,4,5,6,7-Heptachloroazulene (13)rienell (0.1356 g, 0.2842

1294, 1264, 1240, 1166, 1051, 877, 829, 696, 629 and 538. Anal. Calcdmmol) was treated with the bad® (90 uL, 0.290 mmol) in the same

for C1gH2Clig: C, 25.20; H, 0.42; Cl, 74.38. Found: C, 25.27; H, 0.46;
Cl, 74.55.

X-ray Crystal Structure of 11.%° A colorless, block crystal (triclinic,
approximate dimensions 0.32 0.30 x 0.26 mm) of11 (CigH2Clyo,
M.W. 476.62) was placed onto the tip of a 0.1 mm diameter glass
capillary and mounted on a CCD area detector diffractometer for a
data collection at 173(2) K. A preliminary set of cell constants was

manner as described above. After the reaction mixture was warmed to
about 0°C, mercury (0.1 mL, 6.8 mmol) was added. The mixture was
stirred at room-temperature overnight. The deep blue solution was
isolated from the unreacted mercury by a pipet. After the solvent had
been removed by rotary evaporation, the residue was chromatographed
on a column of silica gel (50 g, Acros, 0.038.07 mm) with hexane as
eluent to give 0.05 g of3 as a green solid: mp 148.50°C. Yield:

calculated from reflections harvested from three sets of 20 frames. These48%.*H NMR (CDCl): 6 8.42 (s, 1H)*C NMR (CDCk): ¢ 116.9,

initial sets of frames were oriented such that orthogonal wedges of
reciprocal space were surveyed. This produced initial orientation

119.3, 123.7, 129.7, 129.9, 132.6, 140.4, 141.1, and 142.7miéS
366 (M), 296 (GHCIs"), 226 (GoHCls*), 156 (GoHCI*), 120 (Gg*).

matrixes determined from 97 reflections. The data collection was carried UV/Vis (cyclohexane, nm):Amax 247 (13 000), 277 (24 500), 322

out using Mo Ku radiation (graphite monochromator) with a frame
time of 10 s and a detector distance of 4.9 cm. A randomly oriented

(44 200), 368 (4750), 386 (6050), 654 (366), and 704 (336). IR (KB,
cml): 1583, 1484, 1474, 1380, 1304, 1224, 1106, 910, 840, and 716.

region of reciprocal space was surveyed to the extent of a full sphere Anal. Calcd for GoHCI-: C, 32.50; H, 0.27; Cl, 67.22. Found: C,

and to a resolution of 0.84 A. Three major sections of frames were
collected with 0.20 steps inw at 3 differenty settings and a detector
position of—28° in 20. The intensity data were corrected for absorption
and decay (SADABS}: Final cell constants were calculated from the
xyz centroids of 3008 strong reflections from the actual data collection
after integration (SAINT 6.01, 19993.Unit cell dimensions were as
follows: a = 5.8505(5) A,b = 8.3803(7) A,c = 17.609(2) A;a =
82.391(23, B = 80.494(2), y = 72.591(2), Z = 2.

The structure was solved using SIR92nd refined using SHELXL-
9724 The space group-1 was determined based on intensity statistics.
A direct-methods solution was calculated which provided most non-

32.62; H, 0.25; Cl, 67.47.

Pyrolysis of Triene 11.The triene (32 mg, 0.07 mmol) was placed
in an ampule which was evacuated and sealed under vacuum. It was
then heated at 25T for 1 h. The resulting pale yellow crystals were
washed with acetone until colorless. Recrystallization from hexane
afforded 10 mg of H-heptachloronaphthalene as white crystals (40%
yield). Mp 180-182 °C. (lit.?6 183.5-184.5 °C; cf. mp of H-
heptachloronaphthalene, 116.010.5°C). *H NMR (CDCL): ¢ 8.45
(s, 1H); lit?6 (CDCl) 0 8.73; cfo for 2H-heptachloronaphthalene, 7.78).
13C NMR (CDCk): 6 135.8, 135.1, 134.3, 132.6, 131.3, 130.3, 129.8,
129.3, 127.3, and 125.4. GC/M&/): 366 (M"), 331 (GoHClg"),

hydrogen atoms from the E-map. Full-matrix least squares/difference 296 (GoHCls%), 261 (GoHCls*), 226 (GoHCls™). Octachloronaphtha-

Fourier cycles were performed which located the remaining non-
hydrogen atoms. All non-hydrogen atoms were refined with anisotropic

displacement parameters. All hydrogen atoms were placed in ideal
positions and refined as riding atoms with relative isotropic displacement

lene€” was identified in the pyrolysis product by GC/M8ye: 400
(M*), 330 (GoCls"), 260 (GoCla*), 190 (GoCl2"), 120 (Go").
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